
ORIGINAL ARTICLE

Predisposing factors associated with atypical femur fracture
among postmenopausal Korean women receiving bisphosphonate
therapy: 8 years’ experience in a single center

J. H. Koh1
& J. P. Myong2 & J. Yoo1 & Y.-W. Lim3

& J. Lee1 & S.-K. Kwok1
& S.-H. Park1

&

J. H. Ju1

Received: 9 January 2017 /Accepted: 18 July 2017 /Published online: 27 July 2017
# International Osteoporosis Foundation and National Osteoporosis Foundation 2017

Abstract
Summary The risk factors for atypical femur fracture in pa-
tients exposed to bisphosphonates for at least 1 year were
examined. Prolonged and continuous use of bisphosphonates,
long-term use of glucocorticoids, and a higher body mass
index were associated with increased risk of atypical femur
fracture.
Introduction The purpose of the present study is to determine
whether rheumatoid arthritis (RA) and other clinical factors
are associated with an increased risk of bisphosphonate (BP)-
related atypical femur fracture (AFF).
Methods A retrospective nested case-control study of patients
who had taken BPs for at least 1 year was conducted. Patients
with AFF were identified by reviewing surgical and radio-
graphic records. Three controls with no history of AFFs were
randomly selected and age- and sex-matched to each patient
with AFFs. Cox proportional hazard models were used to

analyze the independent contribution of risk factors to BP-
related AFF.
Results Among the 35,104 patients prescribed BPs for at least
1 year, 43 females (mean age, 68 years) suffered AFFs
(0.12%). Patients with AFFs were exposed to BPs for a mean
of 7.3 years. Patients with AFFs were exposed to BPs for
longer than those without AFFs and continued treatment with-
out a drug holiday. More patients with AFF than controls had
taken glucocorticoids and disease-modifying anti-rheumatic
drugs. Multivariate Cox regression analyses estimated that
long-term use of glucocorticoids, prolonged exposure to BP
without cessation, and every 1 kg/m2 increase in the body
mass index (BMI) increased the hazard ratio for AFFs by
3.0, 5.2, and 1.2, respectively.
Conclusions Prolonged and continuous use of BPs, long-term
use of glucocorticoids, and a higher BMI increase the risk of
AFFs. Switching long-term BP and glucocorticoid users to
other bone-protective agents should be considered.
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Introduction

Bisphosphonates (BPs) are widely used to treat and prevent
osteoporosis. BPs are adsorbed to the bone mineral surface
and internalized by bone-resorbing osteoclasts [1]. By
inhibiting bone resorption, BPs increase bone mineral density
(BMD) and reduce the risk of fracture [2, 3].

The age-adjusted incidence of hip fracture has declined (a
24% decrease in women and a 20% decrease in men) since
1995, which corresponds to the approval and widespread use
of BPs [4, 5]. These drugs are generally safe, with the most
common adverse events occur r ing in the upper
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gastrointestinal tract. However, since BPs were linked to
osteonecrosis of the jaw (ONJ) [6] and atypical femur fracture
(AFF) [7], concerns over potential serious adverse events
(AEs) have increased. BP-related ONJ is rare, and most cases
occur in patients with metastatic bone disease receiving high
doses of drugs [8, 9]. BP-associated AFF is also rare: 1.6 to
18.7 cases per 100,000 patient-years [10, 11]. Despite this, a
US Food and Drug Administration announcement regarding
the safety of BPs led to a reduction in their use [12].

The incidence of AFFs among postmenopausal women
taking BPs for at least 5 years is 0.22% [13]. In a previous
study, we found that 1.8% of patients with rheumatoid arthritis
(RA) and exposed to BP for least 1 year suffered AFF [14].
This incidence, although relatively low, is higher than that
reported by other population studies. The risk of AFF in-
creases with long-term BP treatment; however, no other risk
factors have been identified [15]. There are few data on the
relationship between RA and the risk of AFF. Furthermore,
the relative contribution of oral glucocorticoids (which are
often used to treat RA) to the increased risk of AFF remains
unclear. Therefore, the aims of this study were to identify
subgroups of patients on long-term BP that may suffer AFF.

Methods

Study population

This was a retrospective, nested case-control study of patients
recruited from Seoul St. Mary’s Hospital, which is a 1339-bed
teaching, tertiary referral/general hospital in Seoul, Republic
of Korea. Patients treated with BPs for at least 1 year between
2008 and 2015 were identified from the hospital electronic
health record (EHR). Then, possible AFF subjects were iden-
tified from the EHR using the Korean Classification of
Disease seventh edition (KCD-7) diagnosis codes (National
Clinical Modification of ICD-10) for subtrochanteric and di-
aphyseal femoral fractures (S722, S723, S724, and S728). The
lower extremity radiographs and surgical records of all possi-
ble AFF subjects were retrospectively reviewed.

In accordance with the previously described definition of
AFF, the fractures had to include at least four of the following
features: (1) atraumatic or low-trauma fracture of the
subtrochanteric or femoral shaft; (2) the fracture is non-
comminuted or minimally comminuted; (3) the fracture line
originates at the lateral cortex and is substantially transverse in
orientation, although it may become oblique as it passes me-
dially across the femur; (4) a medial spike in cases of a com-
plete fracture and a fracture in the lateral cortex only in cases
of incomplete fracture; and (5) localized periosteal or endos-
teal thickening of the lateral cortex [15].

During the 8-year study period, 35,104 patients received
BPs (alendronate, risedronate, ibandronate, or zoledronate) for

at least 1 year. Of these, 198 patients in the EHR were identi-
fied as having a diagnosis code for subtrochanteric and diaph-
yseal femoral fracture. Patients with a history of cancer during
the preceding 5 years and those with conditions associated
with pathologic fracture (e.g., hyperparathyroidism, renal
osteodystrophy, or osteomalacia) were excluded. During this
time, 43 postmenopausal women suffered AFF (0.12%).
Controls were women who received BPs but did not experi-
ence AFF. AFF cases were frequency matched according to
10-year age intervals, at a case/control ratio of 1:3.

Age at the time of first AFF, body mass index (BMI), co-
morbid conditions, and documented presence of prodromal
pain were recorded. The duration of BP exposure was
assessed by recording the length of time for which patients
were prescribed oral alendronate, risedronate, ibandronate, in-
travenous ibandronate, or zoledronate. Patients prescribed
BPs for 5 years or more were considered to be on long-term
BP treatment. A drug holiday was defined as temporary dis-
continuation of BPs for a period of at least 6 months to 5 years
after at least 1 year of treatment. The use of other anti-
osteoporotic agents such as selective estrogen receptor modu-
lators, calcitonin, or teriparatide was also taken into account.
The daily dose of prednisolone (or equivalent) within the
6 months prior to AFF, and the total accumulated dose of
glucocorticoids, was recorded. Long-term glucocorticoid ther-
apy was defined as glucocorticoid therapy lasting for at least
1 year. Any prior history of vertebral or non-vertebral fracture
(VF/NVF) was identified by chart review. Fracture bilateral-
ism, fracture site, and occurrence of delayed healing after sur-
gical treatment were reviewed. Concomitant medications con-
sidered to affect bone and mineral metabolism were also
reviewed.

Measurement of BMD

BMD data were obtained using Lunar Prodigy dual-energy x-
ray absorptiometry (DXA) (GE Healthcare Lunar, Madison,
WI, USA). For patients with AFFs, the BMD of the femur
prior to fracture was noted. For patients without AFFs, the
latest BMD data were assessed. Available serial BMD data
from the preceding 3 years were used to track changes in
BMD. The lumbar spine trabecular bone score (TBS) was
calculated after reanalysis of the latest DXA lumbar spine
scans using the TBS iNsight® software (Version 2.2.0.0,
Med-Imaps, Bordeaux, France).

Radiographic measurement

A previous report suggests that the site of an AFF is affected
by the alignment of the lower limb under weight-bearing con-
ditions [16]. Standing knee radiographs of 78 patients (23
patients with AFFs and 55 controls) were available for analy-
sis. The femorotibial angle (FTA) on anteroposterior standing
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knee radiographs was measured by two independent and
trained rheumatologists blinded to the patient characteristics.
The FTA, which is the lateral angle formed at the intersection
between the femoral axis and the tibial axis, was measured as
previously described [17]. The mean standing FTA for the
Korean population is 177 ± 2.4° [18]. We defined a valgus
deformity of the knee as a FTA less than 175° and a varus
deformity of the knee as a FTA greater than 181°. To assess
intraobserver repeatability and interobserver agreement, all
radiographic measurements were repeated twice by both rheu-
matologists: the interclass correlation coefficients (ICC) for
intraobserver repeatability were 0.939 (95% confidence inter-
val [CI], 0.892–0.965) and 0.968 (95% CI, 0.950–0.980). The
ICC for interobserver agreement was 0.828 (95% CI, 0.729–
0.890). Thus, the average value was used in the final analysis.

Statistical analyses

The normality of the parameters was assessed using the
Shapiro-Wilk test. Comparisons between groups were made
using the Student’s t test or the Mann-Whitney U test as ap-
propriate. Categorical data were compared using the χ2 test or
Fisher’s exact test. A P value <0.05 was considered statisti-
cally significant. The ICC was used to assess the intraobserver
reliability and the interobserver agreement between FTA
measurements.

Cox proportional hazard regression models were used to
examine the association between potential contributors and
AFF occurrence, with observed time from the start of BP
treatment as the time-dependent variable. The first AFF was
taken as the failure time and the last visit (if no AFF occurred)
as the censor time. The models were run in a univariate man-
ner and then repeated after adjusting for potential
multicollinearity between RA, glucocorticoids, and disease-
modifying anti-rheumatic drugs (DMARDs). The AFF group
and control group were age-matched with controls, and the
matched numbers were considered when performing multiple
analyses. To avoid multicollinearity between RA, glucocorti-
coids, and DMARDs, each variable was added respectively
into the Cox proportional hazard regression model. The most
relevant regressionmodel was selected based onminimization
of the Aikake information criterion (AIC) and parsimony.
Statistical analysis of pooled data was performed using the
SAS software (Version 9.4; SAS Institute Inc., Cary, NC,
USA).

Ethics statement

The study was approved by the Institutional Review Board of
Seoul St. Mary’s Hospital (KC14RISI0555). The requirement
for informed consent was waived due to the retrospective
nature of the study.

Results

Demographic characteristics

The mean age of the 43 patients with AFF was 68.1 years.
Comorbidities included osteoarthritis (34.9%), hypertension
(41.9%), RA (27.9%), and diabetes mellitus (18.2%).
Patients with AFF had a higher BMI than control subjects
who had taken BPs for at least 1 year but did not suffer AFF
(Table 1). The mean duration of BP treatment was 7.3 years
for patients with AFF and 5.2 years for patients without.
Seven patients with AFF (16.3%) had a drug holiday, whereas
46 (35.7%) patients without AFF discontinued treatment. The
median duration of BP cessation was 1.6 years (IQR, 0.8–2.8).

Patients with AFF tended to suffer from RA and so were
also prescribed DMARDs and glucocorticoids prior to AFF.
More patients with AFF received glucocorticoids for at least
1 year than those without. The cumulative glucocorticoid dose
was also higher in patients with AFF than in those without,
although the duration of glucocorticoid treatment was similar.
There were no differences in the use of other medications such
as non-steroidal anti-inflammatory drugs, calcium/vitamin D
supplements, and proton pump inhibitors between the groups.

Fracture characteristics

Three quarters of AFFs occurred in the proximal one third of
the femoral shaft (32 cases), and the most common type was a
complete fracture (81.4%). Focal lateral cortical thickening
with a radiolucent transverse incomplete fracture line was ob-
served in the other eight patients. Focal cortical thickening
before AFFwas detected on plain radiographs or DXA images
from 12 patients (27.9%) (Fig. 1a, b). Bilateral femur involve-
ment was noted in 16 patients (37.2%), four of whom showed
bilateral focal cortical thickening, seven of whom showed
unilateral complete fracture and contralateral focal cortical
thickening, and five of whom showed sequential fracture
(Fig. 1c–e). The median interval between sequential bilateral
fractures was 26.1 months.

Osteoporotic fracture after initiating BP treatment was
more common in patients with AFFs than in patients with-
out. Half of osteoporotic fractures (nine) occurred
2.0 ± 1.3 years (mean ± SD) after discontinuing BPs,
and half occurred during continued use of BPs for
6.4 ± 2.9 years (mean ± SD). Clinical vertebral compres-
sion fracture was the most common type of osteoporotic
fracture in this study (12 patients). The forearm was the
next most common site of osteoporotic fracture (four pa-
tients). One patient suffered a femoral neck fracture and
one suffered a shoulder fracture. Among the 12 patients
with AFF, ten suffered vertebral fracture and two suffered
a forearm fracture. Five patients experienced osteoporotic
fracture after 4.0 ± 2.1 years (mean ± SD) from

Osteoporos Int (2017) 28:3251–3259 3253



occurrence of AFF. The other five patients experienced
osteoporotic fracture before AFF but during treatment
with BPs. Two patients experienced osteoporotic fracture
during a drug holiday before AFF.

Subgroup analysis of osteoporotic fracture in patients with
AFF revealed that the mean BMD and T-score for the first to
fourth lumbar vertebra were significantly lower in AFF pa-
tients with osteoporotic fracture than in patients with only
AFF. The BMD of the total hip, femoral neck, and shaft was
not different between patients with and without osteoporotic
fracture (Supplementary Table 1). Other clinical parameters

such as the duration of BP treatment, comedications, BMI,
and age were not significantly different.

BMD of patients with and without AFF

The medial time between occurrence of AFF and the latest
DXA scan before fracture was 8.1 months (IQR, 5.9–10.9).
There was no difference in the BMD or T-score for the total
hip, trochanter, femoral neck, and lumbar spine between pa-
tients with AFF and the control group (Table 2). There was no
difference in the lumbar TBS scores between the two groups.

Table 1 Clinical characteristics
of atypical fracture patients and
controls

Atypical fracture (n = 43) Control (n = 129) P value

Age (years) 68.1 ± 7.9 67.8 ± 8.1 0.839

Height (cm) 150.2 ± 5.4 152.9 ± 5.4 0.005

Weight (kg) 57.2 ± 7.6 54.1 ± 6.3 0.010

BMI (kg/m2) 25.3 ± 3.1 23.2 ± 2.7 <0.001

Previous osteoporotic fracturea, n (%) 8 (18.6) 15 (11.6) 0.244

Bisphosphonate treatment

Overall exposure durationb (years) 7.3 ± 2.7 5.2 ± 2.9 <0.001

- Prolonged (≥5 years) exposure, n (%) 33 (76.7) 60 (46.5) 0.001

Alendronate, n (%) 14 (32.6) 43 (33.3) 0.926

Risedronate, n (%) 7 (16.3) 36 (27.9) 0.127

Ibandronate, n (%) 5 (11.6) 25 (19.4) 0.246

Zoledronate, n (%) 0 (0) 2 (1.6) >0.999

Mixedc, n (%) 17 (39.5) 23 (17.8) 0.004

Drug holiday, n (%) 7 (16.3) 46 (35.7) 0.017

Comedications during the preceding year

DMARDs, n (%) 14 (32.6) 15 (11.6) 0.002

Oral glucocorticoids

- Long-term use (≥1 year), n (%) 16 (37.2) 11 (8.5) <0.001

- Prednisolone equivalent cumulative dose, g 15.7 ± 11.8 7.0 ± 3.3 0.010

- Duration of therapy (years) 9.5 ± 6.0 8.4 ± 3.3 0.576

NSAIDs, n (%) 20 (46.5) 54 (41.9) 0.594

Calcium/vitamin D supplement, n (%) 33 (76.7) 86 (66.7) 0.215

Proton pump inhibitor, n (%) 9 (20.9) 17 (13.2) 0.219

Comorbid conditions, n (%)

Rheumatoid arthritis 12 (27.9) 9 (7.0) <0.001

Osteoarthritis 15 (34.9) 51 (39.5) 0.587

Hypertension 18 (41.9) 42 (32.6) 0.268

Diabetes mellitus 8 (18.6) 14 (10.9) 0.188

Osteoporotic fractured, n (%) 12 (27.9) 6 (4.7) <0.001

Plus-minus values represent the mean ± SD

BMI body mass index, DMARDs disease-modifying anti-rheumatic drugs, NSAIDs non-steroidal anti-inflamma-
tory drugs
a Any low-traumatic vertebral, non-vertebral, or hip fracture prior to initiating BP treatment
b In case of AFFs, total BP exposure was calculated just before fracture
c Two or more BPs were administered for more than 1 year
d Occurred after initiating BP treatment
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Fig. 1 Subtrochanteric, sequential bilateral atypical femur fracture. a The
radiograph was obtained from a patient complaining of hip pain. A small
area of periosteal and endosteal thickening of the lateral cortex is visible
(white arrow). b Note the transverse cortical thickening of the lateral
cortex on the three-dimensional computed tomography (CT) reconstruc-
tion. c Radiograph obtained 2 years after prophylactic intramedullary rod

placement. Note the localized periosteal thickening of the lateral cortex at
the contralateral fracture site (white arrow). d, e Radiograph and three-
dimensional CT scan obtained immediately after fracture. A transverse
line in the lateral cortex becomes oblique as it progresses medially across
the femur

Table 2 Bone mineral density
and radiographic measurement in
patients with and without atypical
femur fracture

Atypical fracture Without atypical fracture P value

Bone mineral density (n = 43) (n = 129)

Total hip (g/cm2) 0.78 ± 0.10 0.78 ± 0.11 0.995

Trochanter (g/cm2) 0.62 ± 0.09 0.62 ± 0.09 0.810

Femoral neck (g/cm2) 0.72 ± 0.09 0.73 ± 0.08 0.532

Femur shaft (g/cm2) 0.92 ± 0.13 0.94 ± 0.12 0.396

L1–L4 (g/cm2) 0.93 ± 0.13 0.97 ± 0.15 0.147

Changes in BMD, recent 3 yearsa

Femoral neck (% (IQR)) 0.7 (−2.7 to 7.5) 0.8 (−1.7 to 3.5) 0.311

Trabecular bone score (n = 21) (n = 60)

L1–L4 1.29 ± 0.10 1.30 ± 0.09 0.708

Lower limb alignment (n = 23) (n = 55)

FTA (°) 175.7 ± 3.9 176.9 ± 2.8 0.128

Valgus (FTA <175°), n (%) 11 (47.8) 8 (14.6) 0.002

Varus (FTA >181°), n (%) 3 (13.0) 5 (9.1) 0.687

Plus-minus values represent the mean ± SD

BMD bone mineral density, FTA femorotibial angle, L lumbar vertebrae
a Percentage change in femoral neck BMD was calculated by taking the difference between the latest and the
previous 3 years’ measurement. Data are expressed as the median percentage value (IQR)
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There was no difference in the percentage change in femoral
neck BMD during the last 3 years between patients with and
without AFFs.

Predictors of AFF in patients treated with BPs

Variables with a P value <0.1 from univariate analyses are
listed in Table 3. BMI and continued BP treatment without a
drug holiday were common factors. As multicollinearity be-
tween RA, DMARDs, and long-term use of glucocorticoids
was a possibility, each variable was added respectively to the
Cox proportional hazard model (Table 3; models 1 to 3). Cox
proportional hazard model 1 was the most relevant and iden-
tified BMI (per kg/m2; HR, 1.24; 95%CI, 1.109–1.391), long-
term use of glucocorticoids (HR, 3.036; 95% CI, 1.1403–
6.568), and prolonged BP treatment without a drug holiday
(HR, 5.170; 95% CI, 2.0–13.362) as factors related to in-
creased risk of AFF after initiating BP treatment.

Subgroup analysis of patients according to the measured
FTA

FTA was measured in 23 patients with AFF and 55 patients
without AFF. The mean FTA was not different between the
two groups. However, patients with AFF were more likely to
have genu valgus (FTA <175°) than those without AFFs (47.8
vs. 14.6%, respectively; P = 0.002). Abnormal lower limb
alignment, including genu varus and genu valgus (OR,
4.036; 95% CI, 1.183–13.765), was significantly associated
with AFF (Supplementary Table 2).

Discussion

Here, we found that 0.12% of Korean female patients exposed
to BPs for at least 1 year suffered AFF. Regardless of the

presence of RA as a comorbidity, long-term use of glucocor-
ticoids increased the risk of AFF after initiating BPs. In addi-
tion, prolonged BP treatment without a drug holiday and a
higher BMI were associated with a higher risk of AFF.

The association between use of glucocorticoids and AFF is
controversial [19–21]; however, the data presented herein sug-
gest that glucocorticoids increase the risk of BP-related AFF.
Concurrent long-term administration of BP and glucocorti-
coids may lead to marked suppression of bone turnover. The
main mechanism underlying glucocorticoid-induced osteopo-
rosis (GIOP) is the direct action of the drugs on osteoblasts
and osteoclasts. Glucocorticoids inhibit osteoblast differentia-
tion and proliferation and induce apoptosis of osteoblasts and
osteocytes [22, 23]. They also prolong the life span of osteo-
clasts and reduce the number of osteoclast precursors [24].
Thus, treatment with glucocorticoids leads to a loss of cortical
and cancellous bone and increases fractures due to bone fra-
gility [25]. BPs improve BMD and reduce the risk of fracture
and are recommended for the prevention and treatment of
GIOP (treatment lasts for at least 24 months) [26–28].
However, long-term use of glucocorticoids suppresses bone
turnover by inhibiting the activity of both osteoblasts and
osteoclasts [29]. The additive effect of glucocorticoids plus
BPs with respect to suppression of bone turnover is supported
by an in vivo study demonstrating that a steroid-releasing
pellet implanted into mice injected daily with a BP significant-
ly reduced the mineralizing surface, the mineral apposition
rate, and bone formation [30]. Profound suppression of bone
turnover could lead to accumulation of microcracks, which is
one possible explanation for AFF [31, 32]; this may explain
the increased risk of AFF in those on long-term concurrent
treatment with BPs and glucocorticoids.

Prolonged BP treatment without a drug holiday was a ma-
jor risk factor for AFF. Reversal of this effect after
discontinuing BPs varies according to individual clinical fac-
tors [1]. Although the mechanism underlying the reduced rate

Table 3 Cox proportional hazard models of the association between potential predisposing factors and the risk of AFF after initiating treatment with
bisphosphonates

Parameters Univariate analysis Multivariate analyses

Model 1 Model 2 Model 3
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

BMI (per kg/m2) 1.230 (1.103–1.371) 1.242 (1.109–1.391) 1.226 (1.097–1.371) 1.218 (1.094–1.357)

Continued BP (versus had drug holiday) 5.383 (2.089–13.867) 5.170 (2.0–13.362) 4.372 (1.676–11.405) 3.363 (1.770–11.909)

Long-term (≥1 year) use of glucocorticoids 2.196 (1.106–4.358) 3.036 (1.403–6.568)

RA 1.994 (0.987–4.030) 2.099 (0.956–4.610)

DMARDs 2.075 (1.056–4.078) 2.247 (1.093–4.619)

Model 1: adjusted for common factors (BMI and continued BP use) plus long-term use of glucocorticoid. Model 2: adjusted for common factors plus
RA. Model 3: adjusted for common factors plus DMARDs

BMI bodymass index, BPs bisphosphonates,CI confidence interval,DMARDs disease-modifying anti-rheumatic drugs,HR hazard ratio,RA rheumatoid
arthritis
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of AFFs after a drug holiday remains unknown, the risk falls
by 70% per year after the last dose [33]. Recently published
recommendations for postmenopausal osteoporosis patients
on long-term BP therapy suggest that for patients at low risk
of osteoporotic fracture, a drug holiday of 2 to 3 years can be
considered after they have been taking BPs for 3 to 5 years
[34]. However, we observed more osteoporotic fractures in
patients with AFF than in those without. Half of the patients
sustained a fracture after discontinuing BPs. Patients with os-
teoporotic fracture had a significantly lower BMD and TBS in
the lumbar spine than those without. Therefore, women at
high risk of osteoporotic fracture (i.e., older women and those
with a low hip T-score or high fracture risk score) should be
considered for extended BP treatment [34].

In addition, there is no consensus with respect to the timing
and duration of discontinuation in patients with GIOP.
Substantial loss of BMD is observed in patients who discon-
tinue BPs while taking glucocorticoids [35]. Thus, it is usually
recommended that BPs are continued for as long as glucocor-
ticoids are prescribed [36]. Unfortunately, glucocorticoids are
often prescribed for several years to many patients with RA
and other autoimmune diseases. Given that the efficacy of BPs
in preventing bone loss is greater in the setting of Bhigh-
turnover^ than in the setting of Blow-turnover^ osteoporosis
[37], switching long-term glucocorticoid users to anabolic
anti-osteoporotic agents could be considered after prolonged
treatment with BPs. Further large and long-term follow-up
studies are needed to examine osteoporotic fracture and AEs
and to develop strategies involving the use of bone-protective
agents in patients with GIOP.

We have demonstrated that development of AFF is associ-
ated with abnormal lower limb alignment. This result is con-
sistent with those of an earlier study showing that patients with
varus alignment suffered diaphyseal fracture, whereas those
with valgus alignment tended to suffer subtrochanteric frac-
ture [16, 38]. Moreover, 37% of patients that suffered AFF
had bilateral involvement at the same location on the contra-
lateral femur. Patients suffering AFF were also shorter and
heavier. These results indicate that abnormal loading can be
intensified by altered lower limb alignment and an increase in
BMI. Thus, the proximal femur may be subjected to abnormal
and sustained mechanical loading in the proximal femur,
which may contribute to the development of AFF. The inci-
dence of femoral bowing is significantly greater in Asian
women than in Caucasian women [18]. While no definitive
conclusions can be reached regarding the role of altered lower
limb alignment in the development of AFF, the association
would explain the high incidence of AFF in Asian women
[11].

This study has several limitations. First, it was a single-
center study that included only female patients (because only
female patients experienced fracture). Second, because this
was a retrospective study, we did not evaluate bone absorption

markers and vitamin D in the whole population at the time of
AFF. Available data suggested that there were no differences
in the expression of bone absorption markers between patients
with and without AFF. Third, it is not clear whether patients
with RA have a higher risk of AFF. As RA itself affects oste-
oclast differentiation [39], the question was whether it is the
RA itself or glucocorticoids that affected the occurrence of
AFF. As DMARDs and glucocorticoids are widely used ther-
apeutic agents for RA, multicollinearity exists between those
factors. Indeed, DMARDs were prescribed to 90% of RA
patients and long-term glucocorticoids to 81% of RA patients,
in the present study. To clarify this hypothesis, prospective
long-term cohort studies that include an adequate number of
AFF cases and controls are required. Fourth, weight-bearing
whole-leg radiography is ideal for estimating lower limb
alignment; however, we used the FTA calculated from stand-
ing knee radiographs. This is because standing knee radio-
graphs were the most readily available weight-bearing radio-
graphs for the lower limb before AFF.

Despite these limitations, the present study has several
strengths. First, it included patients treated with BPs for at least
1 year and followed them after treatment began. We obtained
long-term follow-up data (including BMD and detailed medi-
cation histories) from all patients. No comparative study of BPs
versus placebo in patients on prolonged GC treatment is avail-
able; therefore, long-term safety data with respect to BP therapy
in those taking glucocorticoids are lacking. This study suggests
that long-term administration of BPs has an indirect impact on
bone development in those taking long-term glucocorticoids.
Second, we demonstrated that AFF is affected by mechanical
limb alignment. To identify mechanical factors that predispose
to AFF, many studies measured cortical thickness or bone
microarchitecture; however, they found no evidence that thick
femoral cortices and deterioration of bone microarchitecture
placed patients at higher risk of AFF [40–42].

A drug holiday in selected subjects after 3 to 5 years of
treatment may reverse the reduction in bone turnover. Such
patients should be selected according to osteoporotic fracture
risk, BMI, and lower limb alignment. Clinicians should exer-
cise vigilance with respect to patients on long-term glucocor-
ticoids and undergoing prolonged treatment with BPs to iden-
tify AEs due to profound suppression of bone turnover.
Although there is an association between AFF and long-term
BP administration without a drug holiday, AFF is still rare;
thus, the benefit of BPs outweighs the potential risk.
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